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Background
The degradation of the water quality of the Baltic Sea is an ongoing problem, despite investments in measures to reduce external inputs of pollutants and nutrients from both diffuse and point sources. The Baltic Sea is particularly vulnerable to waterborne nutrient loadings because of its large catchment to sea area ratio, long freshwater renewal time, and limited water exchange with the North Sea.
Excessive inputs of nutrients coming from the surrounding land are among the primary causes of the Baltic Sea eutrophication [1] . A recent indicator-based assessment revealed an increase in the spatial extent of eutrophication [2] . Inorganic, nutrient-induced increase of primary production followed by organic matter load (predominantly organic carbon) have been identified as the two greatest environmental pressures in the Baltic Sea [3] . However, both the magnitude of carbon load from terrestrial sources and the processes driving the aquatic carbon cycle are still poorly understood [1] .
As of 2014, diffuse sources in the Baltic Sea were responsible for 46.5% and 35.7% of total riverine loads for total nitrogen and total phosphorus, respectively, as stated by the most recent HELCOM report [4] . These percentages are greater than all other nitrogen and phosphorus source types (point, natural background and transboundary sources). Most of the diffuse sources originate from agricultural activities. Hence, a lot of attention is currently placed on the agricultural sector to solve the problem of Baltic Sea eutrophication. Decision-makers seek cost-efficient solutions towards reducing nitrogen and phosphorus loads from agriculture, and investments in specific measures are being made to reduce external inputs of pollutants and nutrients. However, available technological and management measures to curb eutrophication and pollution are often designed based on single objectives, thereby limiting opportunities for multiple benefits [5] .
The need to shift attention from the reduction of carbon and nutrient loads towards their recovery and reuse has several drivers. Rock phosphate is being depleted, while global phosphorus demand is increasing, which, in combination, threatens food security [6, 7] . The European Commission has identified phosphorus as a critical raw material of high economic importance and high supply-risk [8] . Additionally, the global nitrogen cycle has considerably overstepped its planetary boundary, and nitrogen fixation from the atmosphere should be reduced [4, 6] . Recycling resources from waste is a sustainable practice and is central to the idea of a circular economy [9] . Although current environmental and water policies focus on reduction of pollution from different waste streams rather than on recovery and reuse of nutrients, attention of policy and research is shifting towards the latter.
There are a number of sources for nutrient or carbon recovery and reuse in agriculture. These sources can be animal manure (including wastewater from animal husbandry) and different types of plant-based agricultural waste such as crop residues, brown waste (e.g. hay, sawdust) and wastewater from, for example, greenhouses. Animal and plant waste can also be combined together, sometimes with additions of sewage sludge and/or food waste for example, as feedstock for anaerobic digestion or composting.
Nitrogen, phosphorus and carbon are also ubiquitous in agricultural runoff (surface runoff, tile flow, groundwater flow), but also in natural water bodies (e.g. rivers and lakes) [10, 11] . However, the implementation of recovery technologies for non-reactive P, is much lower for natural water bodies than for manure [10] , due to several reasons: (1) the presence of other constituents such as organics; (2) a lower per unit conversion efficacy; and, (3) the technical ease of implementation. Another important consideration is that, to date, pollutants in agricultural runoff or environmental waters were mainly treated as the source for removal, as in the case of constructed or restored wetlands [12, 13] , or the source for retention, as in the case of river restoration projects [14] , but not the source for recovery. To our knowledge, no comprehensive and systematic assessment of modern technologies or practices concerning the reuse of carbon and nutrients in agricultural sector has been conducted.
In the present study, we deal with ecotechnologies for the recovery and reuse of carbon and nutrients in agricultural sector. The term 'ecotechnology' is a buzzword [9] , with very few explicit definitions. This term has been used since the early 1970s to describe combinations of practices relating to the environment and technological interventions. Despite its common usage, there seems to be little consensus on its practical meaning. We based our definition on a recent systematic review and thematic synthesis of the research literature [15] 
Stakeholder engagement
The topic for this review was initially proposed by the research funder BONUS (https ://www.bonus porta l.org/). The scope of the project was then refined through expert discussions as part of the process of drafting an application in response to the call by the research funder. The scope and the search strategy were further refined by the stakeholder group, consisting of the broader BONUS RETURN project consortium members (see https :// www.bonus retur n.com/), which explains the Baltic Sea basin focus.
Objective of the review
The primary question for this systematic map is:
What evidence exists relating to effectiveness of ecotechnologies in agriculture for the recovery and reuse of carbon and nutrients in the Baltic and boreo-temperate regions?
This review will identify a comprehensive list of studies that focus on the effectiveness of ecotechnologies for recovery and reuse of carbon and/or nitrogen and phosphorus compounds in the Baltic and boreo-temperate regions. We will then describe these studies in terms of the PIO elements [population(s), intervention(s), and outcome(s)]. The key outputs will be as follows:
1. A comprehensive list of studied ecotechnologies in the Baltic and boreo-temperate regions. 2. A detailed database of studies and their descriptive information (meta-data). 3. An evidence atlas (i.e. a geographical information system that maps included studies by their locations). 4. A series of heat maps (cross tabulations of key descriptors, e.g. interventions and outcomes, interventions and populations/settings) that will be used to systematically identify knowledge clusters (subtopics that are well-represented by research studies) and knowledge gaps (subtopics that are un-or underrepresented by research studies). 5. A list of knowledge clusters that would be suitable for full systematic review. 6. A list of knowledge gaps that warrant further primary research effort.
Definitions of the question components

Population(s) The boreo-temperate regions (with a focus on the Baltic Sea region).
Intervention(s) Any practice undertaken for the purposes of (intention to) recovering and/or reusing carbon and/or nutrients from agricultural waste, manure, soil or waters within the boreo-temperate regions.
Comparator(s) None, before ecotechnology use, a control site without an ecotechnology, a comparison between different ecotechnologies, different intensities of the same ecotechnology, time series after ecotechnology implementation.
Outcome(s) Described recovery and/or reuse of carbon and/or following nutrients: nitrogen compounds (nitrogen, nitrate, nitrite, ammonium) and phosphorus compounds (phosphorus, phosphate).
As requested by the stakeholders, this review is expected to be particularly relevant to the Baltic Sea region, but we will also include studies from other comparable boreo-temperate regions in both hemispheres (see 'Eligible population(s)' below).
Methods
The review will follow the Collaboration for Environmental Evidence Guidelines and Standards for Evidence Synthesis in Environmental Management [16] and it conforms to ROSES reporting standards [17] (see Additional file 1).
Searching for articles Bibliographic databases
We will search for evidence in following databases and platforms: Searches will be performed using subscriptions of Warsaw University of Life Sciences and Stockholm University. These searches will be conducted using English language search terms. The following search string will be used in bibliographic databases:
(recycl* OR reus* OR circul* OR conver* OR recover* OR return*) AND (agr* OR farm* OR crop* OR livestock OR "live stock" OR manure OR animal OR cultivat*) AND ("organic carbon" OR DOC OR "organic C" OR "organic matter" OR nutrient Search engines Searches will also be performed in Google Scholar, which is an effective tool for grey literature searches [18] . These searches will make use of terms related both to synonyms for ecotechnologies (e.g. 'ecotechnology'), and combinations of outcome terms and reuse terms (e.g. 'carbon reuse'). Searches will be performed in English (see Additional file 2 for Google Scholar search details). Google Scholar searches will be restricted to articles published between 2013 and 2017, as above. The first 1000 search results will be extracted as citations using Publish or Perish software [19] and introduced into the duplication removal and screening workflow alongside records from bibliographic databases.
Organisational websites Searches will be performed across a suite of relevant organisational websites for ecotechnologies for the reuse of carbon and/or nutrients (see Table 1 ). These searches will be especially important to capture grey literature. Each website will also be hand-searched for relevant publications. These searches will also use terms related both to synonyms for ecotechnologies and combinations of outcome terms and reuse terms. Searches will be performed in English, Swedish, Finnish and Polish corresponding to the case-study countries within the BONUS RETURN project as well as many of the Baltic languages (see Table 1 , and Additional file 2 for search terms). Literature from organisational websites will be screened separately before being combined with other records.
Testing comprehensiveness of the search
Twenty articles of known relevance to the review were screened against scoping search results to examine whether searches are able to locate relevant evidence (see a list of benchmark studies in Additional file 3). If articles were not found during scoping, search terms were examined to identify the reasons why articles were missed, and search terms were modified accordingly.
Assembling library of search results
Results of the searches in bibliographic databases and Google Scholar will be combined, and duplicates will be removed prior to screening. A library of search results will be assembled in a review management software (i.e. EPPI reviewer [20] ). These search results will be randomly divided into 5 equal sets (each containing 20% of all searches from bibliographic databases and Google Scholar), and then each set will be screened and coded sequentially to facilitate rapid identification of knowledge gaps and knowledge clusters. Thus, at any one point, we will have a representative (due to randomization and high sample size) assessment of the nature of the evidence base prior to completion of the screening. This approach is needed to allow the evidence synthesis work to inform other work packages of the BONUS RETURN project under which this map will be conducted. This approach will not affect the final systematic map outputs, since the entire evidence base will be screened in a random manner. However, it represents a novel means of reducing risk of incompletion relative to external, fixed deliverable deadlines.
Article screening and study eligibility criteria
Screening process
Screening will be conducted at two levels: at title and abstract level together, and at full text level. Title and abstract screening will be conducted together for efficiency. The full texts of potentially relevant abstracts will be retrieved, tracking those that cannot be located or accessed and reporting this in the final review. Retrieved records will then be screened at full text, with each record being assessed by one experienced reviewer.
Prior to commencing screening, consistency checking will be performed with all reviewers (3 in total) on a subset of articles at both title and abstract level and full text level screening. A subset of 700 title and abstract records and 40 full text records will be independently screened by all reviewers. These numbers represent approximately 10% of each set of results at each level for both searches (estimated based on the scoping exercise). The results of the consistency checking will then be compared between reviewers and all disagreements discussed in detail. Where the level of agreement is low (below c. 0.8 agreement), further consistency checking will be performed on an additional set of articles and then discussed.
Eligibility criteria
The following criteria will be applied at all levels of screening:
Eligible population(s) Relevant studies will be located in the Baltic and comparable boreal and temperate regions in both hemispheres, with fully humid temperate (Cfa, Cfb, Cfc) and fully humid boreal (Dfa, Dfb, Dfc, Dfd) climates according to the Köppen-Geiger climate classification [15] .
Eligible intervention(s) Any eco-technology (see the definition of 'ecotechnology' above) undertaken for the purposes of (intention to) recovery and/or reuse of carbon and/or nutrients in agriculture. Recovery affects either agricultural waste (animal-or plant-based) or agricultural runoff (e.g. surface runoff, tile drain flow or groundwater flow). A study will be excluded if a given recovery source was not directly related to agriculture (e.g. industrial/municipal wastewater, agro-industrial wastewater, an inland or sea water body whose pollution level could not be directly attributed to an agricultural activity). Eligible comparator(s) none, before ecotechnology use, a control site without an ecotechnology, a comparison between different ecotechnologies, different intensities of the same ecotechnology, time series after ecotechnology implementation.
Eligible outcome(s) Described recovery and/or reuse of carbon and/or nutrients from e.g. agricultural waste (e.g. crop residues, manure, agricultural runoff, etc.) [21] ). We will provide a list of articles excluded at title and abstract level, and at full text level, with reasons for exclusion provided for all excluded articles.
Study validity assessment
The validity of articles will not be appraised as part of this systematic map in accordance with accepted systematic mapping methodological guidance [16] .
Data coding strategy
The following meta-data extraction and coding will be performed for all relevant studies: Meta-data extraction and coding will be performed by multiple reviewers (3 in total) following consistency checking on a parallel coding of subset of 10% of full texts, discussing all disagreements. The remaining full texts will then be screened in full. If resources allow, we may contact authors by email with requests for missing information.
Study mapping and presentation
The evidence base identified within this systematic map will be described narratively, in the form of descriptive statistics and within a systematic map database; a searchable database with columns containing codes and metadata related to the variables described in the meta-data extraction and coding schema, above. In addition, we will produce heat maps that cross-tabulate two variables and detail the extent of evidence (number of studies) within each cell of the table. Various combinations of variables will be used for these heat maps, including: the types of ecotechnology and the outcome(s) that can be targeted; the types of ecotechnology and the study setting; the types of ecotechnology and the study country. We will also produce an evidence atlas using study latitude and longitude meta-data, where studies are plotted on an interactive cartographic map. Groups of studies, knowledge gaps and knowledge clusters will be described and listed.
